Electrogastrograms (EGGs) were recorded in patients both before and after receiving proximal gastrectomy plus jejunal interposition (PGJI) or just after receiving total gastrectomy plus jejunal interposition (TGJI). Intraluminal pressure was also recorded in some postoperative patients. The EGG 3 cpm component (2.5-4.9 cpm) remained after PGJI, but subsequently decreased with a significant reduction in the preoperative to postoperative ratio of the 3 cpm components (P<0.05). The mean frequency of the 3 cpm components increased significantly after PGJI (P<0.05) and its instability factor increased. The EGG 10 cpm components became relatively dominant compared to other frequency components in 2 out of 8 of patients having PGJI but the mean amplitude of 10 cpm decreased. In TGJI patients, only the 10 cpm component was conspicuous in EGG as in the case of total gastrectomy and Roux en Y anastomosis procedures. The spectral frequencies of intraluminal pressure in the interposed jejunum were similar to the EGG of 10 cpm components both in the case of PGJI and TGJI patients. In conclusion, surface EGG could record the electrical activities of the interposed jejunum more easily in patients having had TGJI than in PGJI.
Introduction
It is well known that electrogastrography (EGG) reflects the electrical activity of the stomach (Smout et al., 1980; Mintchev et al., 1993; Chen et al., 1993) but skin electrodes on the thoraco-abdominal surface have also been shown to pick up the electrical activities of the small Correspondence to: Shinji Homma, MD, PhD, Division of Organ Physiology, Department of Regenerative and Transplant Medicine, Graduate School of Medical and Dental Sciences, Niigata University, Niigata 951-8510, Japan Phone: +81-25-227-2071 Fax: +81-25-227-0756 and large intestines (Thouvenot et al., 1968; Pezzola et al., 1989; Homma et al., 1995 Homma et al., , 1999 Homma et al., , 2000 Verhagen et al., 1999) . The pacemaker of the stomach is believed to be located one-third to onehalf along the greater curvature of the stomach where there are thought to be numerous interstitial cells of Cajal (Kelly, 1981; Christensen et al., 1992) . As expected, the instability factor in EGG of children who received operative repair of gastric rupture was greater than that of age matched controls, because the pacemaker region of the stomach had been excised and sutured (Ohtani et al., 1995) . Thus we expected that the instability factor would be greater after surgery in the case of proximal gastrectomy plus jejunal interposition (PGJI) patients, because the main gastric pacemaker zone had been removed. Furthermore, we expected that the 10 cpm component of the intestinal electrical activity would be conspicuous in the case of total gastrectomy plus jejunal interposition (TGJI) as is the case after total gastrectomy plus Roux en Y anastomosis procedures . Therefore, we recorded and analyzed the EGGs in patients who received PGJI or TGJI. We have previously reported that we could record the intestinal electrical activities of 8-10 cpm by EGG in TGJI and in PGPJI patients (Homma et al., 2004) .
Materials and Methods
The operative diagrams as shown in Fig. 1 , with the preoperative situation on the left and the postoperative condition on the right, provide a schematic explanation of the operative procedures for both proximal gastrectomy plus jejunal interposition (PGJI) (Fig. 1A) and total gastrectomy plus jejunal interposition (TGJI) (Fig. 1B) .
The methods used in this study were similar to those used in a previous study . A modified biophysical amplifier (LA-804, Fukuda Densi, Japan, τ = 5 sec, high cut = 0.5 Hz) was used for EGG recording. A pair of silver-silver chloride electrodes (Magnerode, Fukuda Densi Co.) were attached to the skin of the epigastrium in the upper quarter of the line between the umbilicus and the xiphoid process in the supine position after cleaning the skin with ethanol and applying electrode cream (Signa creme, Parker Lab., Inc.). EGG activities were recorded on a chart recorder (TR-711T and SR-601S, Nihon Kohden) and stored on discs via an analog-digital converter and personal computer with a sampling rate of 2 Hz (Analog-Pro II, Canopus and PC 9801 Vm, NEC). A single file consisting of 256 points (128 sec) was spectrally analyzed by the maximal entropy method (MEM). A running spectrum usually consisted of more than ten files at rest before eating and similar ones after the patients had eaten one to two blocks of Calorie Mate (Calorie Mate, 100 kcal/block: Otsuka Pharmaceutical Co.) with 100-200 ml of water. Ensemble means were calculated from the fasting and postprandial spectra to obtain the fasting to postprandial power (spectral amplitude) ratio and preoperative to postoperative amplitude ratio. A manometric catheter (Konigsberg type) was introduced nasally into the interposed jejunum under fluoroscopic control and connected to a MicroDigitrapper (Synetics). Manometry and EGG recordings were performed simultaneously. The manometric records on chart paper were digitized at 2 Hz with a table digitizer (Mitablet-II, Abbreviations: MEM: maximal entropy method. cpm: cycles per minute. Graphtec) and stored on discs. A single file of manometric data consisted of 256 points and was analyzed by MEM, while running spectra were obtained as in the EGG records. Ensemble means of spectrally analyzed manometric data were also calculated as in the EGG records.
Spectral groups were arbitrarily classified into 5 groups as in previous studies, the 1 cpm group (0-2.4 cpm), the 3 cpm group (2.5-4.9 cpm), the 6 cpm group (5.0-7.4 cpm), the 8 cpm group (7.5-9.9 cpm), and the 10 cpm group (10.0-12.9 cpm) (Homma et al., 1999 (Homma et al., , 2000 . Informed consent was obtained from all of the PGJI and TGJI patients. PGJI patients were 64 ± 2.1 years old (mean ± SEM, n=8) and the average interval between surgery and the postoperative EGG recording was 10.3 ± 6.48 months, but preoperative EGG recordings were performed in only 4 out of 8 cases and postoperative manometry was performed in only 2 cases. The mean age of the TGJI patients was 51 ± 3.8 years and the average interval between surgery and the postoperative EGG recording was 54.8 ± 10.0 months (n=4). The reason for the long postoperative duration before EGG recording and the lack of preoperative control EGG recording in the case of TGJI was due to the lack of recent TGJI procedures. Manometry of postoperative TGJI was performed in only 3 cases, and in one case manometry was performed only in the fasting state. The mean age of the total of 12 patients was 60 ± 2.6 and average postoperative duration prior to EGG recording was 25.1 ± 8.19 months. Means and standard errors were calculated and statistical analysis performed using the U-test and the Student's ttest. P-values<0.05 were considered to be significant.
Results

Proximal gastrectomy plus jejunal interposition (PGJI)
Postprandial amplitude increases were usually seen in all 5 spectral groups of preoperative and postoperative patients (Table 1) . Regular 3 cpm peaks in the running spectra before the operation ( Fig. 2, A1 ) became smaller and irregular except the small but conspicuous 10 cpm peaks after the PGJI operation (Fig. 2, B1, Fig. 3, A1 ). All spectral amplitudes (power) of the 5 spectral groups became smaller after the operation. Significant decreases were not seen in any of the mean spectral amplitudes (Table 1) , but significant amplitude decreases in the 3 cpm group were found in the postoperative to preoperative spectral amplitude ratio (post/pre-ratio) both in the fasting and postprandial post/pre-ratio (P<0.05, Table 2 ). Significant decreases were found in the postprandial post/pre-ratio in the 6 and 8 cpm groups (P<0.05, Table 2 ). Irregularity of the postoperative spectral peaks is indicated in the larger mean frequency in the 1 and 3 cpm groups. The postoperative mean frequency became significantly larger than the preoperative one in the fasting and postprandial 1 cpm group (P<0.05) and the fasting 3 cpm group (P<0.05, Table 3 ). The postoperative instability factor (IF) of the 3 cpm peaks was not significantly different from the preoperative one, but significant differences were found in the postprandial IF of the 6 cpm peaks (P<0.05, Table 4 ). Regular 10 cpm peaks in the postoperative running spectra were clearly seen in two out of 8 cases (Fig. 3, A1 ) but their amplitudes were smaller than the preoperative ones (Tables 1 and 2) . Simultaneous EGG and manometry were performed in two patients (Fig. 3) . Regular 10 cpm peaks were seen in the fasting and postprandial states and became larger after eating in the running spectra (Fig. 3, A1-A3 ). In the manometric running spectra, however, only the postprandial peaks were clearly seen (Fig. 3, B1-B3 ). The frequencies of 8-10 cpm groups of EGG (8.2, 9.4, 11.0 and 12.0 cpm) and manometric peaks (8.7, 8.9, 10.3 and 11.7 cpm) were similar (Table 5) . A cross correlation coefficient of 0.2-0.3 was seen between the EGG and the manometric waves. Irregular spectral EGG peaks in the EGG running spectra (Fig. 3, A1 ) may reflect the smaller spectral pressure peaks of about 3 cpm in the manometric running spectra (Fig. 3, B1) .
Total gastrectomy plus jejunal interposition (TGJI)
Clear and fairly regular 8-10 cpm peaks were seen in both EGG and manometric running spectra in both the fasting and postprandial states. Other spectral peaks including the 3 cpm group were not dominant (Fig. 4 , Table 1 ). The mean spectral postprandial amplitude of the 10 cpm group was larger than the fasting one, but the difference was not significant (Table 1) . Mean postprandial amplitude increases were seen in 4 out of the 5 spectral groups and a postprandial amplitude decrease was seen in the 8 cpm group (insignificant, Table 1). It was not possible to obtain the postoperative to preoperative amplitude ratio because preoperative recordings were not performed. Significant irregularity of the spectral peaks as an instability factor was found only in the 6 cpm group when compared with that of the preoperative PGJI (P<0.05, Table 4 ). Spectral peaks of 8-10 cpm in the EGG (8.1 and 10.7 cpm) were similar to the manometric ones (8.4, 11.0, 11.3 cpm, Table 5 ). A cross correlation coefficient of 0.2-0.3 was seen between the EGG and manometric waves. Tables 1,  2 and 3. f, fasting. p, postprandial. The power ratios in every combination of the 5 spectral frequency groups are not significant. The significance of the relationship between the power ratio of each spectral frequency group and the unitary power ratio (considering a post/pre power ratio of 1 to indicate no change caused by the operation) are shown. The U-test was used for statistical analysis.
Discussion
Spectral EGG peaks of 10 cpm were dominant after TGJI as in the case of total gastrectomy , but the differences between the amplitude before and after the operations were insignificant as in previous studies (Homma et al., , 1999 . The reason why the 8-10 cpm peaks are dominant after the operations is due to an amplitude decrease in other spectral peaks, especially the 3 cpm ones. The 10 cpm EGG activities are suggested to be due to intestinal electrical and motility activities (Homma et al., , 1999 (Homma et al., , 2000 Verhagen et al., 1999; Smallwood et al., 1980) . The significant frequency increase in the 3 cpm group after PGJI (Table 3) seems to be consistent with the idea that the enhanced antral pacemaker frequency is a fundamental Data expressed as mean ± SEM (standard error of the mean). Frequency grouping, same as Table 1 . The U-test was used for statistical analysis. a, b; P<0.05, a, c; P<0.01, c, d; P<0.05, c, e; P<0.05. plasticity or reprogramming of the pacemaker mechanisms of the antral interstitial cells of Cajal.
This may also be responsible for the significant frequency increase in the 1 cpm group after PGJI (Ördög et al., 2002) .
The postoperative increase in instability factors in the 3 cpm group after PGJI (Table 4) is probably due to the loss of the major pacemaker region in the corpus of the stomach together with plastic enhancement of the antral pacemaker activity (Ördög et al., 2002 ) . In addition or alternatively, surface EGG recording may be picking up colonic electrical activities. In PGJI subjects, the mean postoperative spectral amplitude with a large standard error decreased insignificantly in the 10 cpm group (Table 1 ) and the preoperative to postoperative power ratio (post/pre) was 0.79 (fasting) and 0.70 (postprandial, n=4) ( Table 2 ). This was caused by one preoperative case with a high postprandial power (about 90,000 µV 2 ) in the 10 cpm group for unknown reasons. Colonic electrical and motility activities are known to be complex and have a wide range of frequency activities (Sarna, 1989) . Similarities in the dominant frequency and a cross correlation between surface EGG activities and jejunal intraluminal pressure waves suggest that surface EGG activities mainly reflect those of the interposed jejunum as in the case of total gastrectomy (Roux en Y anastomosis). The remaining epigastric 3 cpm group EGG activities after total gastrectomy (Roux en Y anastomosis) have been suggested to originate from colonic activity (Pezzola et al., 1989; Homma et al., 1995) . We have also suggested that the infraumbilical 3 and 6 cpm group activity reflected colonic EGG activities (Homma et al., 1999) . Therefore, the remaining epigastric 3 cpm group EGG activities may be reflecting colonic activity. In conclusion, the 8-10 cpm group EGG activities of the interposed jejunum were recorded after TGJI and irregular 3 cpm group EGG activities were recorded after PGJI as we expected.
